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Abstrat
Higher-dimensional models of grand uniation allow us to relate the top
Yukawa oupling yt to the gauge oupling g. The tree level relation yt = g at
the sale of grand uniation implies, in the framework of the MSSM, a rather
small ratio of Higgs expetation values tan β. We nd that, in the presene of lo-
alized Fayet-Iliopoulos terms, yt is suppressed against g beause the bulk elds
aquire non-trivial proles whose overlap is smaller than in the ase of at pro-
les. This inreases the predition for tan β to moderately large values. Thus tan β
is related to the geometry of ompat spae. We also disuss expliit realizations
of suh settings in orbifold ompatiations of the heteroti string. It turns out
that anisotropi ompatiations, allowing for an orbifold GUT interpretation, are
favored.
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1 Introdution
The oupling strengths governing the interations of the standard model (SM) exhibit a
very peuliar pattern: on the one hand, the gauge and top Yukawa ouplings are of order
one, on the other hand all other Yukawa ouplings are suppressed. This might tell us
that ouplings ome in two lasses with fundamentally dierent origin. In this study we
shall investigate the senario of gauge-top uniation in whih the top Yukawa oupling
yt and the gauge ouplings ga (1 ≤ a ≤ 3) unify at a high sale. Our analysis will be
based on the minimal supersymmetri extension of the standard model (MSSM), as it
appears to provide us with the most ompelling senario of gauge oupling uniation,
and therefore ts very niely to the onept of grand unied theories (GUTs) [1, 2℄.
Arguably, the most ompelling realizations of GUTs inorporate extra dimensions. In
fat, string-theoreti orbifolds [310℄ and eld-theoreti orbifold GUTs [1118℄ allow us to
retain the beautiful aspets of grand uniation while avoiding the notorious problems.
Merging both approahes [1922℄ has lead us to expliit string-derived models whih
reprodue the MSSM in their low-energy limit and have a straightforward orbifold GUT
interpretation [2328℄ (for reviews see [29, 30℄).
In this paper we shall study senarios in whih yt arises from gauge interations in
more than four dimensions. We will disuss settings in whih the Higgs elds arise from
extra omponents of the gauge multiplet, enforing the tree-level relation
yt = g (1)
at the ompatiation sale [18,31℄. As we shall see, relation (1) implies, together with
the updated mass of the top quark [32℄, unomfortably small values for the ratio of Higgs
expetation values tanβ. However, following earlier work by Lee, Nilles and Zuker [33℄
we nd that loalized Fayet-Iliopoulos terms, whih are generially present in these om-
patiations, always redue the value of yt at the ompatiation sale, thus inreasing
the predition for tanβ to moderately large (or even large) values. This is beause the
bulk hypermultiplets attain non-trivial proles whose overlap is always smaller than in
the ase of at proles. The preise value of tanβ depends on the size and shape of
ompat spae.
This paper is organized as follows. In setion 2 we will disuss a lass of simple orbifold
GUT models in whih yt = g at tree level. Setion 3 is devoted to (quantum) orretions
to this relation. In setion 4 we will disuss expliit string theory realizations of these
settings. Phenomenologial impliations are desribed in setion 5. Finally, setion 6
ontains our onlusions.
1
2 Gaugetop uniation in extra dimensions
Let us now onsider eld-theoreti orbifold GUT settings in whih yt arises from gauge
interations. We shall fous on models with two extra dimensions and an SU(6) bulk
gauge group. We will also onsider further U(1) fators, as their presene has important
impliations for the predition of gauge and Yukawa ouplings. The geometry of the
model is T
2/Z2. The resulting orbifold an be envisaged as a ravioli or pillow, whose
orners orrespond to the four xed points. We label the xed points by two integers n2
and n′2 whih take the values 0 or 1 (see gure 1). The lengths of the edges of the pillow
or the distanes of the xed points are given by π R5 and π R6, respetively, where R5
and R6 denote the radii of the underlying 2-torus T
2
. We restrit ourselves to retangular
tori, leaving the general ase for future analysis.
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Figure 1: 6D orbifold GUT. We show the loal gauge groups at the xed points, labeled by the
loalization quantum numbers (n2, n
′
2).
The SU(6) bulk gauge group gets broken to SU(5)×U(1)χ and SU(4)×SU(2)L×U(1)′
at two inequivalent xed points, i.e. xed points with dierent n2. The low-energy gauge
group emerges as the intersetion of these loal gauge groups, and is given by
GSM = SU(3)C × SU(2)L × U(1)Y (2)
plus an additional U(1) fator. In orbifold GUT language, this is a onsequene of the
Z2 boundary onditions
P = diag(1, 1, 1, 1, 1,−1) and P ′ = diag(1, 1, 1,−1,−1, 1) , (3)
whih are to be imposed at the xed points with n2 = 0 and n2 = 1, respetively. In
the desription ommon to string theory, the dierene between the two loal boundary
onditions an be asribed to the presene of a disrete order 2 Wilson line in y5 dire-
tion. The emerging symmetry breaking pattern has been studied in the ontext of a 5D
2
orbifold GUT [18℄, and happens to arise in a 6D orbifold GUT limit of promising string
ompatiations [26,29,30℄. The bulk supersymmetry in six dimensions orresponds to
N = 2 supersymmetry from a 4D perspetive. The 6D gauge multiplet (V,Φ) ontains
the 4D vetor eld V as well as the hiral eld Φ. The boundary onditions (3) result in
orbifold parities for the omponents of Φ that are opposite to those of V ,
Φ = Φa Ta (4)
=


Φ
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− 1√
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
 .
Here we deompose the generators of SU(6) into the generators of GSM × U(1)χ and
elements of the oset, using an obvious notation. At the massless level, only the doubly
even states
hu = Φ
(++)
(1,2)1/2
and hd = Φ
(++)
(1,2)
−1/2
(5)
are retained, whih arry the quantum numbers of the MSSM Higgs doublets. The nor-
malization fators in (4) are a onsequene of the usual ondition on the generators,
tr(Ta Tb) =
1
2
δab . (6)
Both Φ = Φa Ta and the various multiplets appearing on the right-hand side of (4) are
anonially normalized.
The settings further ontain a bulk hypermultiplet H that transforms as a 20-plet
under SU(6). In N = 1 language
H = (ϕ, ϕc) , (7)
where ϕ transforms as 20 (3-index antisymmetri tensor) and ϕc as 20 under SU(6). After
orbifold projetion, ϕ gives rise to one opy of quark doublets (q3) and ϕ
c
leads to one
supereld transforming as a u-type quark (u¯3), as well as a lepton singlet e¯3. We refrain
from speifying the origin of the remaining SM matter here. Later, in setion 4, we will
larify this issue in the ontext of string-derived models, where all anomaly onstraints
are automatially fullled.
In order to extrat the top Yukawa oupling it is suient to work with omponent
elds. We will then denote by ξ and η the two-omponent spinors ontained respetively
in ϕ and ϕc, and the salar omponent of Φ is given by
φ =
A5 + iA6√
2
. (8)
The 4D Yukawa term
yt u¯3 q3 hu ⊂ L4D (9)
3
originates from the gauge interations
η ( ∂ +
√
2g6 φ) ξ ⊂ L6D (10)
with g6 denoting the 6D gauge oupling and ∂ = ∂5 + i ∂6 (f. [34℄).
In SU(n) notation (see e.g. [35℄), one has speially for the SU(6) ase under on-
sideration
1
3!
ηi1i2i3
[
δi1j1 δ
i2
j2
δi3j3 ∂ +
√
2 g6
(
φi1j1δ
i2
j2
δi3j3 + δ
i1
j1
φi2j2 δ
i3
j3
+ δi1j1 δ
i2
j2
φi3j3
)]
ξj1j2j3
=
1
3!
ηi1i2i3
[
δi3j3 ∂ + 3
√
2 g6 φ
i3
j3
]
ξi1i2i3 . (11)
q3 is ontained in the SU(5) 10-plet from the SU(6) 20-plet ξ,
10
ij = ξij6 , (12)
while u¯3 arises from the 10-plet in the SU(6) 20-plet η,
1
2
εijkℓm(10
c)ℓm = ηijk . (13)
Here the indies i, j, k . . . run from 1 to 5; the above implies that q3 and u¯3 do not stem
from the same SU(5) 10-plet.
We are now left with
√
2 g6
1
2
ηijk φ
k
6 ξ
ij6 =
√
2 g6
4
εijkℓm (10
c)ij 10kℓ φm6
⊃ g6
2
εabc εαβ ε
abd (u¯3)d (q3)
cα (hu)
β
= g6 u¯3 q3 hu . (14)
Here a, b, c, d are SU(3)C indies and α, β are SU(2)L indies. This alulation shows that
yt = g at tree level, and onrms an earlier omputation [26℄ (see also [18℄).
3 Corretions to the equality of yt and g
Having seen that yt = g at tree level, we now turn to disussing orretions to this
relation. Suh orretions are of dierent origin. First, there are radiative, logarithmi
ontributions to the wave funtion renormalization onstants oming from elds loalized
at the xed points (or `branes') whih do not respet the unied bulk gauge symmetry.
Seond, the top Yukawa oupling emerges from the 3×3 Yukawa matrix Yu by diagonal-
ization. Subdominant entries in Yu an therefore shift this eigenvalue. Third, there are
orretions oming from non-trivial loalization properties of the bulk hypermultiplets.
As we shall see, this eet yields generially the numerially dominant orretion.
4
3.1 Corretions from loalized states
The 6D β-funtion is omprised of a `power-law' and logarithmi piee,
β6D = b6 µ
2R5R6 + b4 . (15)
We have veried that the power-law piees are universal for gauge and top ouplings, as
it should be. Assuming only the minimal matter ontent in the bulk to form the third
family of the MSSM, one obtains
bt6 = b
i
6 = − 4 for 1 ≤ i ≤ 3 . (16)
The logarithmi orretions are sensitive to elds sitting at the xed points, where the
SU(6) bulk symmetry is broken. The b4 oeients might hene not be universal. One
might think of these orretions as wave funtion renormalization onstants loalized at
the xed points. Their impat an be estimated as
|∆yt −∆gi|log ∼ |∆gi −∆gj|log ∼ |∆b4 ln (Λ/MGUT)| , (17)
where Λ denotes the ut-o and ∆b4 denotes the respetive dierene of β-funtions.
These orretions are expeted to be numerially similarly relevant as MSSM threshold
orretions, whih originate from the squarks and sleptons having masses that dier by
an O(1− 10) fator. Suh eets will not be studied in detail in the present analysis.
3.2 Diagonalization eets
In general, we will expet the u-type Yukawa matrix to be of the form
Yu =


0 0 0
0 0 0
0 0 O(g)

+


sn11 sn12 sn13
sn21 sn22 sn23
sn31 sn32 sn33

 , (18)
where s denotes the typial expetation value of some singlet eld, nij ∈ N, and we
suppressed oeients. It is lear that, after a bi-unitary diagonalization, the top Yukawa
oupling will be given by
yt = O(g) +O(sn) (19)
with some n ∈ N. However, if the singlet sale and the exponents nij in (18) are suh as
to give rise to realisti Yukawa ouplings for the u and s quarks, this eet is expeted to
be negligible. In fat, as we shall see next, loalization eets in the ompat dimensions
will generially have sizable impat on yt, ompletely overwhelming the eet desribed
in the present subsetion.
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Figure 2: Loalization of two wavefuntions ϕ and ϕc with opposite harges in the extra dimen-
sions.
3.3 Loalization eets
Building on earlier analyses of the 5D ase [36, 37℄, Lee, Nilles and Zuker (LNZ) [33℄
reported an interesting observation. Suppose there is a U(1) symmetry, alled U(1)LNZ
in what follows, with loalized Fayet-Iliopoulos (FI) terms, i.e.
tr(qI) 6= 0 , (20)
where the trae extends over the states loalized at the xed points, labeled by I =
(n2, n
′
2). It turns out that then bulk states with non-zero U(1)LNZ harge develop a
non-trivial prole in the extra dimensions, f. gure 2. In suh a situation, the eetive
four-dimensional top Yukawa oupling, whih is given by the overlap of the orresponding
wave funtions, generially gets redued. It is amusing to see that the presene of xed
points, whih break N = 2 supersymmetry down to N = 1, also allows us to disriminate
between the ϕ and ϕc omponents of the hypermultiplet.
In [33℄ it was shown that the prole for the zero modes on the 6D orbifold T
2/Z2 is
given by
ψ ≃ f
∏
I
∣∣∣∣ϑ1
(
z − zI
2π
∣∣∣∣ τ
)∣∣∣∣
1
2pi
g6 qψ ξI
exp
(
− 1
8π2τ2
g6 qψ ξI (Im(z − zI))2
)
, (21)
where we negleted a subleading logarithmi ontribution, and f is a normalization
fator. We expliitly heked that this prole is the same for bosoni and fermioni
degrees of freedom. The omplex oordinate z is dened as
z =
1
R5
x5 +
τ
R6
x6 (22)
with τ denoting the modular parameter of the torus. In our settings we assume the torus
to be retangular, τ = i τ2 = iR6/R5. The torus ϑ-funtions an be written as [38℄
ϑ1(z|τ) =
∑
n∈Z
ei π τ (n+
1
2
)
2
+2π i (n+ 1
2
) (z+ 1
2
) . (23)
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Furthermore,
ξI =
1
16π2
g6Λ
2
(
1
4
tr(q) + tr(qI)
)
(24)
is the quadratially divergent piee of the FI term with q the harges of the bulk elds
under the orresponding U(1), qI the harges of elds loalized at the xed point I and
Λ the uto of the theory. We will ignore the rst term in the sum of the right-hand side
of (24), i.e. we assume tr q = 0. We further take Λ to be the higher-dimensional Plank
sale, Λ2 = MP/
√
V56 with MP = 2.43 · 1018GeV and V56 = 2π2R5R6 the volume of the
extra dimensions. In addition we have the usual relation between the higher-dimensional
gauge oupling and its four-dimensional ounterpart, g6 =
√
V56g. The onstant f an
be determined through the normalization ondition∫ πR5
0
dx5
∫ 2πR6
0
dx6 |ψ|2 = 1 . (25)
In our ase we onsider the orbifold T
2/Z2 with one Wilson line in the y5 diretion.
This means that there are two pairs of equivalent xed points, so all FI terms will have
the same absolute value, given that the eetive FI term in four dimensions vanishes.
Then the lightest Kaluza-Klein masses are either M = 1/(2R5) or M = 1/R6, due to
the presene of the Wilson line. Sine we are interested in the limit R5 ≥ R6 and sine
the GUT group gets broken by the Wilson line, we identify the GUT sale with the
orresponding Kaluza-Klein mass, M
GUT
= 1/(2R5).
+
+
-
-R5
R6
Èqj tr qI È=1
10 20 30 40 50
0.0
0.2
0.4
0.6
0.8
1.0
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g
Figure 3: Suppression of the top Yukawa oupling yt relative to the gauge oupling g due to the
loalization eets as a funtion of the anisotropy. The inlay indiates that the region R5 > R6,
where the distane between equivalent xed points with oiniding traes is smaller that the
one between inequivalent xed points, is onsidered. In the other limit, i.e. for R6 ≫ R5, there
is no analogous suppression.
Let us now briey ompare the terms giving rise to the top Yukawa and gauge
ouplings, respetively. While the rst is proportional to the overlap integral over hu q3 u¯3,
7
the latter sales like the integral over A u¯3 u¯
†
3. The Higgs eld itself retains a at prole
sine it omes from a non-Abelian gauge multiplet. Taking further into aount that the
prole of u¯†3 is idential to the one of u¯3, while the proles of q3 and u¯3 are inverse to eah
other, it is lear that the top Yukawa oupling will always be redued with respet to
the gauge oupling, when the orret normalization is taken into aount. This eet is
illustrated in gure 3. As an be seen, the redution depends on the given harges and is
more pronouned for anisotropi ompatiations. This behavior is to be expeted, sine
in the limit R6 → 0 the 5D ase should be reovered, where the bulk elds eetively
beome brane elds and hene the overlap should vanish. This is beause in this limit
the bulk elds get exponentially loalized towards the opposite ends of the interval [36℄,
suh that the overlap beomes exponentially suppressed.
4 Expliit string theory realization
Our analysis is motivated by reent progress in string model building [2328℄, where
O(100) expliit (and globally onsistent) models with the exat spetra of the MSSM,
the so-alled `heteroti mini-landsape', have been derived. In a sublass of these models
the top (but neither the bottom nor the τ) Yukawa oupling is related to the gauge
oupling. This applies in partiular to the two models that have been analyzed in some
detail, [23, 24, 26, 28℄ and the `benhmark model 1A' in [27℄. In what follows, we will
study gauge-top uniation in these models. Our analysis should be viewed as the rst
step towards a full string theory alulation, where one omputes the FI term in string
theory, takes into aount arbitrary values for the torus parameter τ and the full volume
of the six ompat dimensions. In the present study, we will restrit ourselves to the
somewhat naive orbifold GUT piture, and will take the uto Λ to be the 6D Plank
sale, as before.
4.1 Motivation of the orbifold GUT piture
Taking the orbifold GUT limit of a string ompatiation has a rather profound mo-
tivation. Witten proposed in a footnote [39, footnote 3℄ a possible way to explain the
disrepany between the string and the GUT sales. This an be aomplished by on-
sidering highly anisotropi ompatiations, where MGUT is assoiated to the inverse
of the largest radius, while all (or most of) the other radii are muh smaller. In this
ase, the volume of ompat spae an be small enough to ensure that the perturbative
desription of the setting is still appropriate. This idea has been studied in some detail
more reently [40℄. The outome of the analysis is that the above puzzle an be resolved if
the largest radius is by a fator 50 or so larger than the other radii. The question of how
to stabilize the largest radius has also been addressed in the framework of eld theory,
and it has been found that one an indeed obtain R5 ≃ 1/(2MGUT) [4143℄. Also here
8
loalized FI terms an play an important role. The question why one radius behaves so
dierently from the others will be addressed elsewhere [44℄. In what follows, we will build
on these results, and onsider 6D orbifold GUT limits with partiular emphasis on the
highly anisotropi ase R5 ≫ R6. The transverse four dimensions will not be onsidered.
4.2 A spei example
For onreteness, let us rst fous on the benhmark model 1A of [27℄. In order to be
in aord with the disussion in setion 3.3 (and the analysis by LNZ [33℄), here and
below we take only U(1) fators orthogonal to the so-alled `anomalous U(1)' diretion
tanom into aount. The general ase will be explored elsewhere. One an hoose the basis
of these U(1)s suh that the loal FI terms at the xed points are entirely in one U(1)
diretion, alled U(1)LNZ in what follows. The orresponding generator reads
tLNZ =
1√
105
(−3
2
, 0, 0, 0, 0, 0, 0, 0
) (−11
4
, 21
4
, 0, 11
4
, 0, 11
4
, 0, 0
)
, (26)
and is normalized suh that |tLNZ|2 = 1/2. In this normalization, the harges of ϕ and
ϕc, ontaining q3 and u¯3, are
qϕ = − qϕc = 1√
105
3
4
, (27)
respetively. One further has
trSU(5) brane qLNZ =
64√
105
and trSU(4)×SU(2) brane qLNZ = − 64√
105
, (28)
where the SU(5) and SU(4)× SU(2) branes omprise the xed points with n2 = 0 and
1, respetively, with the xed points arrying half of the trae. We an hene apply the
results of setion 3.3 in order to evaluate yt. The ratio yt/g for the present example is
shown in gure 4. For this gure, we used our eld theoreti estimate of the FI term, i.e.
hose to identify Λ with the 6D Plank sale, as before. As disussed in setion 3.3, the
loalization eet beomes more pronouned when the ratio R5/R6 inreases. We also
show what the suppression would be if we hose an inreased ut-o, Λ2 = 4MP/
√
V56,
designed in suh a way that for R5 = 50R≥5 Λ equals the heteroti string sale, Mstring ≃
8 · 1017GeV, as in the proposal disussed by Hebeker and Trapletti [40℄.
It is amazing to see that the top Yukawa oupling gets only redued if we take the
`more appealing' orbifold GUT limit R5 ≫ R6. If we were to hoose R6 ≫ R5, whih
would lead us to an orbifold GUT with SU(3) × SU(3) bulk group that gets broken to
the SM at the two equivalent boundaries, the top Yukawa oupling would no longer be
suppressed sine tr qI vanishes at both boundaries.
9
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Figure 4: Estimate of yt/g in the benhmark model 1A of [27℄. For omparison, the dashed line
shows the suppression whih ours with an inreased ut-o, Λ→ 2Λ.
4.3 Mini-landsape survey
We have repeated the analysis of setion 4.2 for a sublass of the heteroti mini-landsape
models [25, 27℄, in whih
• there is an orbifold GUT limit as desribed in setion 2;
• it has been expliitly veried that exotis deouple onsistently with supersymme-
try, i.e. with vanishing F - and D-terms.
All these models, inluding the model derived in [23, 24, 26, 28℄ and the `benhmark
model 1A' disussed before, are based on the same shift vetor. They turn out to have
the following family struture (up to vetor-like states):
• 1st and 2nd families ome from 16-plets loalized at SO(10) xed points, whih
orrespond to the xed points with n2 = 0 in the orbifold GUT limit (gure 1);
• 3rd family d¯ and ℓ (i.e. the 3rd family 5 in SU(5) language) ome from the T2/4
twisted setors and therefore are loalized on two-dimensional submanifolds in
ompat 6D spae;
• 3rd family u¯, e¯ and q as well as the Higgs elds hu and hd are bulk elds, i.e. free
to propagate everywhere in ompat spae.
Only 4 out of 56 andidate models do not have loalized FI terms.
Yukawa ouplings onneting the Higgs elds to matter may be written as overlap
integrals. One ould then expet that the ouplings of the rst two generations are
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suppressed by the total 6D volume while the τ and b Yukawas, yτ and yb, are suppressed
by the volume of the 4D spae transverse to the two-dimensional submanifold, while the
top Yukawa yt is unsuppressed, as disussed before. This leads us to the hierarhy
Yukawa ouplings of the rst two generations ≪ yτ , yb ≪ yt .
It should be mentioned that these loalization properties are highly non-trivial (and
ome out `for free'). In fat, the anellation of all 4D and higher-dimensional gauge
anomalies, whih is guaranteed by modular invariane [45℄, appears rather miraulous in
eld theory [26℄. Also disrete anomalies have been shown to anel [46℄.
Let us now ome bak to the question of the value of yt at the ompatiation or
GUT sale. As before in setion 4.2, it is possible to rotate the basis of U(1) fators
(orthogonal to tanom) suh that there is preisely one U(1), whih we again all U(1)LNZ,
with the following properties:
• the hiral multiplets ϕ and ϕc have non-zero (and opposite) U(1)LNZ harges;
• the traes trSU(5) brane qLNZ and trSU(4)×SU(2) brane qLNZ have opposite sign (as in
(28));
• |tLNZ|2 = 12 , i.e. the harges are in GUT normalization.
The statistis of the loalized traes and the harges of the bulk hypermultiplets ϕ and
ϕc are depited in gure 5.
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Figure 5: Statistis of |qϕ tr qLNZ|n2=n′2=0| in a lass of string-derived orbifold GUTs and sup-
pression of the top Yukawa oupling for the average value.
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Figure 6: (a) tan β as a funtion of the top Yukawa oupling at the GUT sale. The entral line
orresponds to the entral value of the top quark mass, whereas the dashed and dotted lines
orrespond to the one and two sigma intervals, respetively. A larger top mass results in a larger
tan β. (b) shows for given qϕ tr qI the anisotropy that is needed to redue yt/g to 0.75.
5 Phenomenologial impliations
Let us now ome to some phenomenologial impliations of the gauge-top uniation
senario. Given a ertain pattern of soft terms as well as the top Yukawa oupling at the
GUT sale, the value of tanβ an be determined. Note that the value of tan β is also
quite sensitive to the mass of the top quark, where the latest experimental value is given
by mt = 173.1± 1.3GeV [32℄.
It turns out that the resulting value for tan β mainly depends on yt(MGUT). To
illustrate this dependene we plot the top Yukawa oupling at the GUT sale versus tan β
for dierent values of the top quark mass in gure 6. We impose a spei set of boundary
onditions at the GUT sale, the so-alled mSUGRA set withm0 = m1/2 = −A0 = 1TeV,
and use SOFTSUSY [47℄ for our numerial analysis.
The value of the unied gauge oupling on the other hand turns out to be only very
weakly dependent on the soft parameters and is always lose to g ≃ 0.7. This implies
that, given the tree-level relation yt = g ≃ 0.7, the resulting value for tan β is quite small,
tan β ≃ 2. An immediate question is whether suh small values for tan β and hene the
tree-level relation are still valid, sine the small tan β region is probed experimentally by
searhes for the light Higgs boson [48℄. This tension an be seen by omparing the LEP
bound on the SM Higgs mass, mh ≥ 114.4GeV, to the theoretial upper bound on the
lightest Higgs mass as a funtion of tan β. At tree-level the maximal mass for the lightest
Higgs is given by m2h ≃ M2Z cos2 2β, whih vanishes for tanβ = 1. Radiative orretions
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an signiantly inrease the Higgs mass ompared to the tree-level value, but still mh is
minimized for tanβ around one in the MSSM. While the LEP Higgs bound does not apply
for all of the MSSM parameter spae, in the small tan β region it is appliable to a good
approximation, sine here the lightest CP-even Higgs boson ouples to the Z with SM-like
strength [49℄. For the so alled `mmaxh senario' within the MSSM, designed suh that for
xed values of mt and MSUSY the predited value of the lightest Higgs is maximized for
eah value of tanβ and mA, the lower bound on tanβ is around 2 [49℄. Although hene
values of tanβ around 2 are still possible, one should not forget that this is possible
only when the parameters are tuned aordingly. In a large part of the parameter spae
tan β has to be larger. To see what is natural as the `smallest value of tan β without too
muh tuning', we restrit ourselves to mSUGRA. Taking m1/2 = m0 = −A0 = 1TeV
and the top mass at its two sigma upper bound, the predited Higgs mass is above the
LEP bound for tanβ & 3.3. This in turn implies a `natural range' for the top Yukawa
oupling at the GUT sale of 0.48 . yt . 0.6, whih translates into 0.69 . yt/g . 0.86.
Note that in the presene of vetor-like matter (in omplete SU(5) representations) with
masses below the GUT sale the relative suppression of yt has to be stronger.
In onlusion we an say that the naive piture of gauge-top uniation, although not
exluded, seems to be possible for very speial patterns of the soft terms only. However,
we have seen in the previous setions that the top Yukawa oupling gets somewhat
redued with respet to the tree-level relation yt = g, depending on the geometry of the
extra-dimensional spae. Turning this around means that, given a value for tanβ, we
gain aess to the geometry of the extra-dimensional spae. In partiular it seems that
highly anisotropi ompatiations are favored, in aord with [40℄.
Our ndings seem to give another motivation for highly anisotropi string ompat-
iations. The top Yukawa oupling seems to give a preferene to this limit.
6 Disussion
We have disussed orbifold GUT senarios in whih the top Yukawa oupling arises from
gauge interations. This leads to the tree-level relation yt = g at the GUT or ompat-
iation sale. It turns out that in senarios with loalized FI terms yt is suppressed
against g, whih seems also to be required by data. The suppression depends on the size
of the loalized FI terms, the harge of the bulk hypermultiplets and, in partiular, on
the geometry of ompat spae. We have analyzed string-derived models whih reprodue
the MSSM below the ompatiation sale and whih possess orbifold GUT limits with
the above features. This allowed us to get a feeling for what the FI terms and harges
`should be'. Using this as an input, we nd that the observed value of the top Yukawa
oupling seems to favor anisotropi geometries, whih might also be a key ingredient for
reoniling the sale of grand uniation with the Plank or string sales. This result
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might be interpreted as further support for the idea of orbifold GUTs and, in partiular,
for their embedding in the heteroti string.
As mentioned, our analysis should be viewed as a step towards getting suiently
aurate preditions from string theory. The preision of the present analysis is mainly
limited by our ignorane of the ut-o Λ, for whih we simply used the 6D Plank sale.
One an improve the auray signiantly by diretly omputing the FI terms in string
theory. Another important question is why, from a top-down perspetive, one radius
behaves so dierently from the others. We plan to larify these issues in the near future.
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